Six hearts are described in whichjuxtaposition of the auricles to the left of thegreat arteries (leftjuxtaposition) was associated with I-position of the aorta. Atrial anatomy was abnormal but constant; the os of the right auricle occupied the expected site of the atrial septum, producing posterior and inferior displacement of this structure. This is of importance since the os could be mistaken for a defect of the atrial septum, while the displacement of actual defects is of significance to any intended catheterisation procedure including atrial septostomy. Five of the hearts showed atrioventricular concordance while the other specimen was an example of pritmtive ventricle with a right-sided outlet chamber. The ventriculoarterial connection in this latter case was normal, with 1-malposition (anatomically corrected malposition). Ventriculoarterial connections in the other hearts were transposition in 3, single aortic trunk with pulmonary atresia in 1, and an intermediate between double outlet right ventricle and transposition in the other. These cases confirm the observation that iuxtaposition of the auricles is associated with severe cyanotic congenital heart disease.
Six hearts are described in whichjuxtaposition of the auricles to the left of thegreat arteries (leftjuxtaposition) was associated with I-position of the aorta. Atrial anatomy was abnormal but constant; the os of the right auricle occupied the expected site of the atrial septum, producing posterior and inferior displacement of this structure. This is of importance since the os could be mistaken for a defect of the atrial septum, while the displacement of actual defects is of significance to any intended catheterisation procedure including atrial septostomy. Five of the hearts showed atrioventricular concordance while the other specimen was an example of pritmtive ventricle with a right-sided outlet chamber. The ventriculoarterial connection in this latter case was normal, with 1-malposition (anatomically corrected malposition). Ventriculoarterial connections in the other hearts were transposition in 3, single aortic trunk with pulmonary atresia in 1, and an intermediate between double outlet right ventricle and transposition in the other. These cases confirm the observation that iuxtaposition of the auricles is associated with severe cyanotic congenital heart disease.
In the normal heart the auricular appendages (auricles) extend forwards from the atria to encircle the origin of the aorta and pulmonary artery. The uncommon condition in which the auricles lie side by side, either to the left or the right of the great arteries, has been well recognised since the description of a single case by Birmingham (1893) . This anatomical arrangement was called juxtaposition of the atrial appendages by Dixon (1954) and is well known to be associated with major intracardiac anomalies with cyanosis, particularly when the right auricle is juxtaposed to the left (Melhuish and Van Praagh, 1968) .
Six hearts with left juxtaposition of the auricles are described, in each of which the aortic valve is situated to the left of the pulmonary valve in situs solitus individuals with atrioventricular concordance. The hearts show a range of malformations at ventricular and conal levels. The atrial anatomy, however, was in all cases relatively constant. As it has been shown that juxtaposition of the auricles 1Present address: Johanniter-Kinderklilik fur den Rhein-SiegKreis, Arnold-Janssen-Strasse 29, 5205 Sankt Augustin 1, W. Germany. 'British Heart Foundation Senior Research Fellow. Received for publication 28 September 1976 is readily identified radiologically (Ellis and Jameson, 1963 ), a thorough understanding of the likely accompanying defects may facilitate treatment.
The cases
The 6 hearts were from the collections of necropsied material of the Royal Postgraduate Medical School, the Hospital for Sick Children, and the Cardiothoracic Institute, all in London (Table) . All had been hospital patients. Cases 3 and 6 had undergone aorto-pulmonary arterial (Waterston) anastomosis, and case 5 had had an atrial baffle (Mustard) operation. The remaining 3 had had no operation. All 6 patients had died of causes related to their malformations. Their ages ranged from 5 days to 30 years.
Anatomical findings
All 6 specimens had situs solitus viscero-atrial relations, and all had concordant atrioventricular connections. In each case the right auricle was to the left of the great arteries, so that it lay superior and slightly anterior to the left auricle (Fig. 1) . The aorta 299 (Fig. 3) . In heart 1, the superior vena cava entered the right atrium more inferiorly than is usual, and the foramen ovale was patent. The atrium in heart 2 received the superior and inferior venae cavae in the normal manner, and there was a large persistent left superior vena cava (Fig. 2 ) in addition to a channel resembling the normal coronary sinus, which Fig. 1 stretched superior foramen ovale. Heart 4, which weighed 870 g, had 2 secundum defects; the larger, in the inferoanterior portion of the septum primum measured 40 x 25 mm, and the smaller defect, in the superior posterior septum, measured 6 mm in diameter. Heart 5 had an endocardial cushion defect, the atrial component of which was large; accurate assessment of its size was not possible because of the surgically placed baffle. Heart 6 had a superior foramen ovale. In this heart the atrial septum lay in a more oblique plane, so that it more closely resembled the normal atrial septum than in the other 5 cases. The foramen ovale was patent superiorly, and because of the orientation of the atrial septum in this heart, constituted a communication between the right auricle and the left atrium.
ANATOMY OF VENTRICLES
All the specimens except heart 4 had two identifiable ventricular chambers. Two atrioventricular valves were recognised in each case, and all the hearts had ventricular septal defects which permitted intracardiac shunting.
In heart 1, the ventricular septal defect (14 x 10 mm) was high in the anterior ventricular septum; the trabecula septomarginalis formed its floor and the defect extended posteriorly to the atrioventricular valves which made contact through its posterior margin. Both aortic and pulmonary valves were related to the defect, the pulmonary valve exactly overriding the septum (Fig. 4) .
Heart 2 had a dysplastic tricuspid valve, right ventricle, and aorta. The ventricular septal defect occupied the posterior septum and was subpulmonary (Fig. 5) . Its topography resembled an endocardial cushion defect, so that the tricuspid valve marked the superior boundary. The tricuspid and mitral valves were in continuity through the defect.
In heart 3 the ventricles were of equal size. The defect, 10 x 10 mm, lay immediately beneath the aortic valve, anterior to the septomarginal trabecula (Fig. 6 ). There was no pulmonary valve.
In heart 4 ( Fig. 7A ), both atrioventricular valves opened into a primitive ventricle. The aorta arose from the ventricle, and the pulmonary artery originated from a bulbar (outflow) chamber which communicated with the primitive ventricle through a ventriculobulbar foramen (Fig. 7B ). Heart 5 had hypoplasia of the tricuspid valve and the right ventricle. The ventricular septal defect was anterior to the trabecula septomarginalis and in the subaortic position ( Fig. 8A and B) .
Heart 6 also had a hypoplastic tricuspid valve and right ventricle, which was divided into discrete inflow and outflow portions by anomalous muscle bands. The defect in this specimen was midseptal, lying beneath the pulmonary outflow tract, but extended to the posterior ventricular septum ( Fig.  9A and B) .
ANATOMY OF CONUS
Ventriculoarterial connections were abnormal in all 6 specimens, and the conal anatomy differed widely. In heart 1, the aorta arose from a muscular conus in the right ventricle. The pulmonary artery, separated from the aorta by the conus septum, overrode the ventricular septal defect so that the pulmonary valve was in fibrous continuity through the defect with both the atrioventricular valves. The ventriculoarterial connection was transitional between that of double outlet right ventricle and transposition.
In heart 2, the aorta arose from a muscular right ventricular conus. The pulmonary artery arose ex- The ventricular morphology of this heart is that of primitive (single) ventricle with an outlet chamber. The illustration shows the primitive ventricle from which the aorta (Ao) arises, the ventriculobulbar foramen (VBF), and the two atrioventricular valves (TV, MV). The pulmonary artery is not seen, but arises from the outlet chamber. There are numerous patches offibrosis (jet lesions') especially on the bulbar septum (arrowed in black). In this heart, therefore, the great arteries are normally connected, but show 1-malposition (anatomically corrected malposition). Note that both the tricuspid and mitral valves open to the primitive ventricular chamber, and are separated by a prominent posterior ridge. Note also that the aortic valve is supported by a complete muscular conus. clusively from the left ventricle, but was dissociated from the mitral valve by a slender muscle slip, not more than 2 mm in width; this muscle slip extended from the left ventricle into the posterior conus septum, so that neither the aortic nor the pulmonary valve was in fibrous continuity with either atrioventricular valve. The atrioventricular valves, however, were continuous with one another through the defect in the ventricular septum. The ventriculoarterial connection was that of transposition. In heart 3, the aorta arose from a muscular conus, immediately above the septal defect. The atretic pulmonary artery was represented by a thread of tissue and did not make contact with either ventricle. There was thus no fibrous continuity with either atrioventricular valve. Since we were unable to identify the origin of the pulmonary artery, the ventriculoarterial connection was described as single aortic trunk arising from the right ventricle with 1-malposition. Heart 4 had bilateral muscular conus. The atrioventricular valves were widely separated by muscle from the aorta, and the pulmonary artery arose from the bulbar (outflow) chamber. In this heart the venea...-. triculoarterial connections were normal but 1-malposition was present; this is usually termed canatomically corrected malposition'.
Heart 5 had a subaortic conus only, and the pulmonary valve arising from the left ventricle was in fibrous continuity with both atrioventricular valves. The ventriculoarterial connection was that of transposition. In heart 6 there was continuity between the aortic and pulmonary valves, resulting from the defect in the conus septum, and fibrous subpulmonary obstruction permitted continuity with the mitral and tricuspid valves. The muscular conus, however, was subaortic. The ventriculoarterial connection was that of transposition.
OBSTRUCTION TO PULMONARY OUTFLOW TRACT
One of the 6 patients (case 3) had atresia of the pulmonary artery. The main pulmonary artery was represented by a thread-like structure which made no connection with either ventricle, nor was a pulmonary valve present in either ventricle.
Pulmonary outflow tract obstruction was present in hearts 5 and 6. In heart 5, the left ventricular outflow tract was obstructed by an aneurysmal partly formed membranous septum (Fig. 9B ), but the pulmonary valve was not stenotic. Heart 6 had an imperforate, small pulmonary valve deeply wedged between the two atrioventricular valves. Additional obstruction was caused by fibrosis and fibrous excrescences of the inferior portion of the conus septum which was displaced posteriorly; these excrescences resembled valve tissue.
DISTRIBUTION OF CORONARY ARTERIES
Hearts 1, 3, 5, and 6 all had a coronary artery distribution consistent with concordant transposition in situs solitus. The non-coronary sinus of the aortic valve was anteromedial, and the anterior descending and circumflex arteries arose from a common artery from the posterolateral aortic sinus. The anterior descending artery followed the interventricular sulcus, giving off septal and muscular branches, and the circumflex coronary artery arose from the main stem to pass posteriorly in the left atrioventricular groove. The right coronary artery originated from an ostium in the posteromedial aortic sinus, and followed the right atrioventricular groove; numerous conal branches arose from the right coronary artery which terminated as the posterior descending coronary artery.
Hearts 2 and 4 both had a single coronary artery arising from an ostium in the anteromedial aortic sinus. The distribution of the artery was identical in the two hearts, except for some small marginal branches. The coronary artery bifurcated about 1 cm from its origin to give rise to a large artery which lay in the right atrioventricular groove; a number of marginal and diagonal arteries arose from it and the artery terminated as a posterior descending artery on the diaphragmatic surface of the heart. The smaller, left hand branch of the single coronary artery had the appearance of a large conal coronary artery and gave origin to a slender branch in the left atrioventricular groove; the conal portion of the artery divided into numerous small branches which fanned widely over the left ventricle.
Discussion
The anatomical features of 6 hearts with left juxtaposition of the auricles and 1-position of the aorta have been described. In addition to these common features, situs solitus and atrioventricular concordance were present in each case. The atrial anatomy was relatively constant, but the hearts showed considerable variation in ventricular and conal anatomy.
ATRIAL ANATOMY IN LEFT JUXTAPOSITION OF AURICLES
Both systemic and pulmonary venous drainage was normal in all 6 hearts; in case 2, the persistent left superior vena cava opened into the right atrium. The unusual feature of this case with left superior vena cava was that a great cardiac vein resembling a 'coronary sinus' also drained into the right atrium. The coronary sinus is the original left sinus horn, and the left superior vena cava normally regresses, persisting as the oblique vein of Marshall. The posterior great cardiac vein normally drains into the left sinus horn. In heart 2 both the left sinus horn and the great cardiac vein were present as separate channels. This finding was noted in 4 of 28 cases of left juxtaposition reviewed by Puech et al. (1966) who added one in their series of 3 cases. Melhuish and Van Praagh (1968) noted the same feature in 2 of 21 cases of juxtaposition of the auricles, and Rosenquist et al. (1974) described it in one of 6 hearts with left auricular juxtaposition.
An interatrial communication was present in all 6 hearts, and, where this communication was the result of patency of the foramen ovale, this patency occurred in the superior aspect of the fossa ovalis. Rashkind septostomy had been attempted in case 6, but was unsuccessful. The plane of the atrial septum and the anatomy of the fossa ovalis in this condition makes septostomy difficult. This procedure has failed even when the juxtaposition was recognised (Tyrrell and Moes, 1971) . We suggest, on anatomical premises, that balloon septostomy may be practicable in this condition if the tip of the catheter is directed superiorly as well as posteriorly, as the valve of the foramen ovale is a superior structure in left juxtaposition of the auricles. Three of the 6 hearts (2, 5, and 6) showed complete 1-transposition (solitus-concordance-l-transposition). An anterior, subaortic ventricular septal defect was present in heart 5, and all 3 had hypoplasia of the tricuspid valve, the right ventricle, and the aorta.
Heart 1 represented a transitional stage between double outlet right ventricle and complete transposition. If double outlet ventricle is defined as that condition in which 1J great arteries or more arise from the same ventricle (Lev et al., 1972) , this heart arbitrarily could be placed into either category. Transitional hearts have been described by Lev et al. (1972) and , but we are unaware of another report of association with left juxtaposition. If this heart, without pulmonary stenosis, is classified as double outlet right ventricle with {S-D-L} segmental anatomy, this is the ninth such case described, others having been reported by Hallermann et al. (1970) , de la Cruz et al. (1974) , and Van Praagh et al. (1975a, b) .
Heart 3 had pulmonary atresia, but the ventricular origin of the pulmonary artery could not be identified so that it was not appropriate to classify this as a case of transposition. We strongly support the view of Van Praagh et al. (1971) that for transposition to exist, both great arteries must be placed across the ventricular septum to originate from morphologically inappropriate ventricles. Where only one great artery is present, it is unrewarding to speculate on the ventricular origin of the other.
Heart 4 showed anatomically corrected malposition associated with a primitive ventricle. Anatomically corrected malposition is rare, and has not, as far as we are aware, been reported previously in association with a primitive ventricle. Freedom and Harrington (1974) (Van Praagh et al., 1975a, b) , but the variations in anatomy at both ventricular and conal levels necessitate careful assessment of the intracardiac arrangements.
The 3 hearts in the present series with transposition all had hypoplastic right ventricles. A Mustard operation had been performed in case 5, but the patch had narrowed the already small tricuspid valve; the defect of the posterior ventricular septum was patent, and there was considerable obstruction to the outflow tract of the left ventricle. The implications of juxtaposition in relation to Mustard's operation have recently been discussed in detail by Rosenquist et al. (1974) and Urban et al. (1976) . Heart 6 also had subpulmonary obstruction, while case 2, with a subpulmonary ventricular septal defect, had severe pulmonary vascular disease.
Hearts 2 and 4 each had a single coronary artery, the distribution of which could prejudice surgical incision in such hearts. We support the view that opacification of the coronary arteries in patients with 1-position of the aorta is a valuable aid to the determination of ventricular morphology, as the coronary arteries have the distribution appropriate to their ventricles (Van Praagh et al., 1975b; Allwork et al., 1976) .
EMBRYOLOGICAL CONSIDERATIONS
The genesis of the ventricular and conal abnormalities described here has been discussed extensively in recent years Van Mierop and Wiglesworth, 1963; Van Mierop, 1971 ; Van Praagh, 1971; Allwork, 1975 Allwork, , 1976 , but the reports concerning the atrial anomalies are less numerous. In particular, the morphogenesis ofjuxtaposition ofthe auricles is obscure. Wenner (1909) considered that juxtaposition of the auricles resulted from 'insufficient torsion' of the primitive heart tube. Dixon (1954) accepted this 'explanation' as did Los (1968) . Melhuish and Van Praagh (1968) proposed that the condition was mainly the result of an arrest of normal development, and that juxtaposition was an effect, rather than a cause. While our findings are in accord with those of the last-named authors with respect to the range of ventricular and conal anomalies associated with juxtaposition, we are unable to accept that the auricles are ever juxtaposed in normal development.
The auricles of the atria are trabeculated muscular structures, macroscopically quite distinct from the smooth walled segments. The auricles are derivatives of the primitive atrium, which at 20 days of gestational age is a single chamber, and part of the primitive heart tube. The smooth walled segments of the definitive atria are derived from the primitive sinus venosus and the pulmonary veins (Boyd, 1965) . The primitive sinus venosus receives bilaterally both the vitelline and umbilical veins, together with the common cardinal vein. It is incorporated into the primitive atrium to form a single chamber at about 25 days of gestational age (Boyd, 1965; Hamilton and Mossman, 1972) . This common chamber then expands ventrally (anteriorly) and transversely, so that in normal development, the atrium is well seen on either side of the bulbus cordis, by which it is indented. The ventro-(antero-) lateral extremities of the primitive atrium differentiate into the characteristic left and right auricles.
At about 26 days of gestation, the primitive atrium, still a single chamber, opens into the primitive ventricle. The only route for the circulation is from the atrium to the ventricle, through the ventriculobulbar foramen to the bulbar chamber thence to the septating outflow tract. From this account, it is clear that the route from atrium to ventricle is left sided, but we are unaware of any description of normal development which suggests that the extremities of the atria are both left sided.
In normal development the atrioventricular canal gains direct access to the bulbus cordis by a lateral expansion, and the primitive atrioventricular canal is divided into the left and right atrioventricular canals (the future atrioventricular valve orifices) by the endocardial cushions (Boyd, 1965; Los, 1968; Hamilton and Mossman, 1972; Anderson and Ashley, 1974) . The immediate cause of the lateral expansion of the atrioventricular canal is a controversial topic but there is general agreement that the process is bound up with the expansion of the elements which will contribute to the definitive right ventricle.
The obvious feature of the 6 hearts presently described is that, in general, the right side of the ventricular segment of the heart is underdeveloped (hearts 2, 4, 5, and 6). Specimen 4 represents an adult example of the route taken by the circulation in the fourth week of gestation. None of the explanations for the morphogenic processes which result in the anomalies described here is very satisfactory. If juxtaposition resulted merely from failure of the atrioventricular canal to expand to the right, the fairly frequent observation of {S-D-L} segmental anatomy (about 30% of cases) would be hard to explain, as would the relative frequency of anterior defects of the ventricular septum. That rightwards expansion of the primitive atrioventricular canal has failed is self evident in view of the high incidence of underdevelopment of the right side of the heart. Hypoplasia of the right heart cannot by itself explain the fact that in 5 of our 6 cases the aorta originated in the right ventricle, nor can it explain the 1-position of the aortic valve relative to the pulmonary valve in every case.
It is possible that the abnormal atrial interrelation is the result of abnormal development ab initio of the venous end of the heart coupled with inadequate morphogenic movements. We suggest, therefore, that the developmental events leading to the formation of hearts such as the 6 described are a great deal more complex than has previously been considered. 
